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DESCRIPTION 



Interaction Detecting Method, Bioassay Device and Substrate for Bioassay 
Technical Field 

The present invention relates to an interaction detecting method, a 
bioassay device and a substrate for bioassay especially useful for a bioinformatics 
(life information science) field. 

This application claims a priority based on Japanese Patent Application 
No. 2002-292861 filed on October 4, 2002 in Japan, which is applied to this 
application with reference thereto. 
Background Art 

An integrated circuit substrate for bioassay, what is called a DNA chip or 
a DNA microarray (generally refer it to as a DNA chip, hereinafter) in which a 
prescribed DNA is extremely finely arranged by a microarray technique is 
currently used for the mutation of genes and SNPs (single nucleotide 
polymorphism) analysis, the analysis of gene expression frequency or the like. 
The integrated circuit substrate has begun to be utilized in a wide range including a 
drug discovery, a clinical diagnosis, pharmacogenomics, a forensic medicine and 
other fields. 

In the DNA chip, many kinds and many DNA oligonucleotide chains, 
cDNA (complementary DNA), etc. are accumulated on a glass base or a silicon 
base. Thus, the DNA chip is characterized in that the inclusive analysis of an 



2 S03P1183 

intermolecular interaction such as hybridization can be realized. 

One example of an analyzing method by the DNA chip is briefly 
described below. To a DNA probe in a state of a solid phase on the glass base or 
the silicon base, a fluorescent probe dNTP is incorporated and PCR-amplified 
under the reverse transcription PCR (Polymerase Chain reaction) of mRNA 
(messenger RNA) extracted from cells, tissues, etc. to perform the hybridization on 
the base. Thus, a fluorometry is carried out by a prescribed detector. 

Here, the DNA chip can be sorted to two types. In a first type, 
oligonucleotide is directly synthesized on a prescribed base by using a 
photolithography technique to which a semiconductor exposure technique is 
applied. A DNA chip produced by Affymetrix Co., Ltd. is typical of the DNA 
chip of this type. The DNA chip of the first type is disclosed in, for instance, 
Japanese patent Publication No. hei 4-505763. 

On the other hand, a second type is also called a "Stanford system", and is 
formed in such a way that a split pin is used to partially pour a previously prepared 
DNA on a base to bring the DNA to a solid phase. The DNA chip of the second 
type has an integration degree lower than the DNA chip of the first type. 
However, in the DNA chip of the second type, a fragment of the DNA of about 1 
kb can be advantageously changed to the solid phase. The DNA chip of the 
second type is disclosed in, for instance, Japanese Patent Publication No. hei 
10-503841. 
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Further, in a pamphlet of International Laid Open No. 01/33226, a 
cantilever sensor technique based on a technical idea different from the 
above-described conventional DNA chip technique is proposed, in which a 
cantilever formed by using an MEMS (Micro Electro Mechanical System: 

micro-machine) is used. 

One example of an analyzing method by the cantilever sensor described in 
the pamphlet of Internationa. Laid Open No. 01/33226 is briefly described below. 
A cantilever having a DNA probe in a state of a solid phase on an upper surface is 
irradiated with a laser beam. The cantilever is ben. as a result of a hybridization 
reaction to measure the change of the intensity of reflected light in a light receiving 
part at a prescribed position. Thus, whether or not me hybridization reaction 
occurs is detected. 

However, the above-described conventional DNA chip technique is a 
technique that detecting nucleotide chains or protein of the DNA probe or the like 
are brought to a solid phase (fixed) in a narrow detecting part of a two-dimensional 
base to accelerate an interaction between materials such as the hybridization 
reaction or an antigen-antibody reaction. Accordingly, the degree of freedom of a 
reaction product is spatially limited and a sterie hindrance may be possibly 
generated upon reaction. Therefore, in the conventiona. DNA chip technique, the 
efficiency of an interaction is inconveniently low and much reaction time is 
undesirably necessary. 
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Further, in the conventional DNA chip technique, sample solution is 
dripped only on a prescribed spot part (a detecting part) on the base. There is no 
m eans for positioning a target material included in the sample solution relative to a 

detecting material fixed to the spot part. 

On the other hand, in the above-described cantilever sensor technique, the 
target material included in the sample solution does not need to be advantageously 
previously marked with fluorescence. However, when the cantilever is highly 
integrated, a mechanical control that the surface of the cantilever is irradiated with 
a laser beam to receive reflected light is undesirably difficult. 

Disclosure of the Invention 

The present invention is proposed by considering the conventional 
circumstances and i, is an object of the present invention to provide an interaction 
detecting method, a bioassay device and a substrate for bioassay for highly 
quantitatively detecting hybridization and other interactions between materials 
without marking a target material with fluorescence. 

To achieve the above-described object, an interaction detecting method 
and a bioassay device according to the present invention detect an interaction 
between materials in a detecting part. The detecting part includes at least a 
cantilever a, least a par. of which is surface treated so as to fix a detecting materia, 
thereto, a reaction area for providing a place for an interaction between the 
detecting material fixed to the surface treated par. and a target material, a driving 
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source for vibrating and exciting the cantilever, and a vibration detecting means for 
detecting the amplitude of vibration of the cantilever. In the interaction detecting 
me ,hod and the bioassay device, the interaction is detected by measuring the 
change of the natural frequency of the cantilever based on the interaction. 

Here, the cantilever has a vibrator having a piezoelectric material disposed 
between counter electrodes and tire driving source vibrates and excites the 
cantilever by applying ac voltage between the counter electrodes. 

Further, the detecting material and the target material are, for instance, 
nucleotide chains and the interaction is hybridization. 

In the interaction detecting method and the bioassay device, a detecting 
material is fixed to a cantilever at leas, a part of which is surface treated so as to fix 
the detecting material thereto. The change of the natural frequency of the 
cantilever based on the interaction of the detecting material and a targe, material is 

measured to detect the interaction. 

For instance, when the detecting material and the target material are 

nucleotide chains, when the detecting nucleotide chain fixed to the end face of the 
cantilever and the targe, nuc.eotide chain are hybridized, the mass of the cantilever 
is increased. Thus, me natura. frequency of the cantilever is lowered. 
Accordingly, in the interaction detecting method and me bioassay device according 
,o the present invention, the change of the natural frequency is measured to detect 
the hybridization. 
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Further, to achieve the above-described object, a substrate for bioassay 
according to the present invention has a detecting part that comprises at least a 
cantilever at least a part of which is surface treated so as to fix a detecting material 
thereto and a reaction area for providing a place for an interaction between the 
detecting material fixed to the surface treated part and a target material. 

Here, the detecting part may be formed as a cell detecting part in which 
the cantilever protrudes from a wall surface and a plurality of cell detecting parts 
are disposed on the substrate. In the substrate for bioassay according to the 
present invention, the substrate may be formed as a disc type substrate. In this 
case, the. cell detecting parts are provided in radial directions as viewed from 
above. 

Further, when the substrate for bioassay is formed as the disc type 
substrate, the reaction areas may be provided in line grooves extended in radial 
directions on the substrate. In this case, the cantilevers protrude from one side of 
the line grooves. 

Further, different detecting materials may be fixed respectively for units 
of the cell detecting parts or line grooves or units of the grouped plurality of cell 

detecting parts or line grooves. 

Further, the reaction area may be filled with a material in which a 
reversible phase change of gel and sol may be generated between room 
temperature and suitable temperature to a reaction. 
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In the substrate for bioassay, the interaction is detected by measuring the 
change of the natural frequency of the cantilever based on the interaction. 

Still another objects of the present invention and specific advantages 
obtained by the present invention will be more apparent from below described 
embodiments. 

Brief Description of the Drawings 

Fig. 1 is a perspective view showing an external appearance of a substrate 
for bioassay used in a bioassay device in an embodiment. 

Fig. 2 is a perspective view showing one enlarged cell detecting part of 
many cell detecting parts disposed on the substrate for bioassay. 

Fig. 3 is a perspective view showing an enlarged cantilever protruding on 
a reaction area side of the cell detecting part. 

Figs. 4A to 4D are views for explaining an example of manufacturing 

processes of the cantilever. 

Fig. 5 is a view showing a method for detecting the change of the natural 

frequency of the cantilever. 

Fig. 6 is a diagram showing a voltage waveform measured when the 

frequency of ac power is changed. 

Fig. 7 is a perspective view showing another structure of the cantilever. 

Fig. 8 is a view showing a vertical section of the cantilever at a position 
including a piezoelectric element. 
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Figs. 9A and 9B are explanatory views of another example of the 
substrate used in the bioassay device. Fig. 9A shows a plan view of the substrate 
viewed from above. Fig. 9B shows an enlarged plan view of an X part in Fig. 9A. 
Best Mode for Carrying Out the Invention 

Now, a specific embodiment to which the present invention is applied will 
be described below in detail by referring to the drawings. In a bioassay device 
and an interaction detecting method thereof described in this embodiment, an end 
part of a detecting nucleotide chain (a detecting material) is previously fixed to an 
end face of a cantilever having a vibrator composed of a piezoelectric material 
disposed between counter electrodes. The change of the natural frequency of the 
cantilever due to the change of mass that is caused from a hybridization reaction of 
the detecting nucleotide chain and a target nucleotide chain (a target material) is 
employed to quantitatively detect the hybridization reaction. 

Here, in this specification, the "nucleotide chain" means a polymer of 
phosphoric ester of nucleotide in which a purine base or a pyrimidine base is 
glycoside bonded to sugar. The nucleotide chain widely includes oligonucleotide 
including a DNA probe, polynucleotide, DNA having purine nucleotide 
polymerized with pyrimidine nucleotide (entire length or a fragment thereof), 
cDNA obtained by a reverse transcription (cDNA probe), RNA, etc. 

Firstly, a perspective view of an external appearance of a substrate for 
bioassay (abbreviate it as a substrate, hereinafter) 1 used in the bioassay device in 
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this embodiment is shown in Fig. 1. The substrate 1 shown in Fig. 1 is formed 
with a base material employed for a disc type base used in an optical information 
recording medium such as a CD (Compact Disc), a DVD (Digital Versatile Disc), 
an MD (Mini Disc) (registered trademark). 

The base material is formed to a disc shape by quartz glass, silicon, or a 
synthetic resin moldable in a disc shape such as polycarbonate, polystyrene, etc., 
and preferably by an injection-moldable synthetic resin. An inexpensive 
synthetic resin substrate is used, so that the substrate can be realized at a running 
cost lower than that of a conventional glass substrate. On the center of the 
substrate 1, a hole (not shown in the drawings) for fixing a spindle used for 

rotating the substrate may be formed. 

On one surface of the substrate 1, many cell detecting parts 2 having small 
chamber type reaction areas partitioned from a peripheral substrate area are 
disposed so as to extend in radial directions from the peripheral area at the center 
of the substrate 1 viewed from above. 

The cell detecting parts 2 may be disposed at proper positions on the 
substrate 1. However, the cell detecting parts 2 are disposed in the radial 
directions viewed from above as described above. Thus, a space on the substrate 
1 can be effectively used to improve the integration density of information. 

Further, the cell detecting parts 2 are partitioned not to be contaminated 
with each other. Thus, different detecting nucleotide chains can be fixed for units 
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of .he cell detecting parts or for units of the grouped cell detecting parts and 
separate and independent conditions can be set respectively for the detecting 
nucleotide chains to accelerate the hybridization reaction. 

For instance, marker genes in which illness occurs can be grouped and 
feed on the substrate 1 . Accordingly, one substrate is used so that a plurality of 
illness appearing situations can be recognized at the same time. 

Further, the detecting nucleotide chains to be fixed can be grouped on the 
basis of the difference of Tm (Melting Temperature) or the rate of content of GC. 
Thus, reaction conditions such as the composition, concentration or the like of a 
buffer from which an active hybridization reaction can be obtained, a cleaning 
oondition, the concentration of dripped sample solution etc., can be finely se.ec.ed 
in accordance with the property of the de.ec.ing nucleotide chains. Thus, a risk 
that a false positive or a false negative is shown in an analyzing operation can be 
reduced. 

Fig. 2 shows a perspective view of an external appearance of one of the 
eell de.ec.ing parts 2 that is enlarged. As shown in Fig. 2, the cell detecting part 2 
.ne.udes a reaction area 10 as a place of the hybridization reaction between a 
detecting nucleotide chain D and a target nucleotide chain T, a cathode 1 1 and an 
anode 12 for forming electric fields at bom the ends of the reaction area 10, and a 
cantilever 13 protruding from the anode 12 side of the eell detecting part 2. 

The reaction area 10 is formed as a substantially square shaped cell 



j j S03P1183 
opened upward, for instance, as a eell having the depth of 1 tun and the length and 
width of 100 am. However, the reaction area is not limited to the illustrated 
shape and size. 

An end face 13a of the above-described cantilever 13 in the reaction area 
10 side is surface treated so that the end part of the detecting nucleotide chain D is 
fixed by a chemical bond such as a coupling reaction. That is, this end face 13a 
may be surface treated preferably suitably for fixing the previously processed end 
part of the detecting nucleotide chain D such as a DNA probe. For instance, 
when the end face 13a of the cantilever 13 is surface treated with streptoavidin, the 
surface treated end face 13a is suitable for fixing the end part of the biotinylated 
nucleotide chain. Here, the end face 13a is surface treated, however, the end face 
is not necessarily limited thereto and at least a part of the cantilever 13 may be 
surface treated. 

Here, in the nucleotide chain, an ionic cloud is considered to be formed by 
phosphoric ions (negative charges) that forms a skeleton of the nucleotide chains 
and hydrogen ions (positive charges) produced by ionizing water existing in the 
periphery thereof. A polarization vector generated by these negative charges and 
positive charges is entirely directed to one direction by applying high frequency 
high voltage. As a result, the nucleotide chains are stretched. Further, when an 
uneven electric field that a line of electric force is partly concentrated is applied to 
the nucleotide chains, the nucleotide chains move toward a part to which the line of 
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electric force is concentrated (refer to Seiiehi Suzuki, Takeshi Yamanashi, 
Shin-ichi Tazawa, Osamu Kurosawa and Masao Washizu: "Quantitative analysis 
on electrostatic orientation of DNA in stationary AC electric field using 
fluorescence anisotropy", IEEE Transaction on Industrial Application, Vol. 34, No. 

1, p.75-83 (1998)). 

Thus, when the electric field of high frequency high voltage that the line 
of electric force is concentrated to the end face 13a of each cantilever 13 is applied 
,o the nucleotide chains by the cathode 1 1 and the anode 12, the nucleotide chains 
stretched by applying the high frequency high voltage move toward the end face 
13a. Thus, the end part comes into contact with the end face 13a, so that the end 
part of the detecting nucleotide chain D can be assuredly fixed to the end face 13a 
of the cantilever 13. Especially, when a ferrodielectric member having a 
piezoelectricity such as PZT (lead zirconate titanate) or SBT (strontium bismuth 
tantalate) is employed as described below, the line of electric force is preferably 
concentrated to the end face 13a of the cantilever 13 due to the ferrodielectric 
member. 

A nozzle 3 having its end part shown in Fig. 2 serves to drip sample 
solution S (S'). The sample solution S including the detecting nucleotide chains 
D and the sample solution S' including the target nucleotide chains T are dripped 
by precisely following the reaction area 10 on the basis of positional information 
and rotation synchronizing information provided from the substrate 1 as described 
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above. 

As dripping means, an ink jet printing method can be preferably employed, 
because very small droplets can be precisely dripped on a prescribed reaction area 
10. 

The "ink jet printing method" is a method to which a nozzle used in an ink 
jet printer is applied. The sample solution S (S') is jetted to the substrate 1 from a 
printer head like the ink jet printer by using electric power. This method includes 
a piezoelectric ink jet method, a bubble jet (registered trademark) method and a 

ultrasonic jet method. 

The piezoelectric ink jet method is a method for spattering liquid droplets 
under the pressure of a displacement generated by applying a pulse to a 
piezoelectric member. Further, the bubble jet (registered trademark) method is a 
thermal method in which liquid droplets are spattered under the pressure of 
bubbles generated by heating a heater in a nozzle. A silicon base serving as the 
heater is embedded in the nozzle and controlled at about 300 T/s to form uniform 
bubbles and push out them. However, the sample solution S(S') is exposed to 
high temperature. Accordingly, when a biological material sample is used, an 
attention needs to be paid. The ultrasonic jet method is a method that a ultrasonic 
beam is applied to a free surface of the sample solution S (S«) to locally apply high 
pressure and eject small droplets from that part. Thus, a nozzle is not necessary 
and the small droplets having a diameter of about 1 um can be formed at high 
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speed. 

I„ this embodiment, as the "ink jet print method", the "piezoelectric ink jet 
method" can be preferably employed. Since the form of the applied pulse is 
changed so that the size of the liquid droplets (very small droplets) can be 
controlled. Thus, this method is preferable for improving analysis accuracy. 
That is, when the radius of curvature of .he surface of the liquid droplet is small, 
the size of the liquid droplet can be decreased. When the radius of curvature of 
(he liquid droplet is large, the size of the liquid droplet can be increased. Further, 
,he pulse can be abruptly changed to a negative direction to pull the surface of the 
droplet inward so that the radius of curvature can be reduced. 

Here, most of the detecting nucleotide chain D dripped on the reaction 
area 10 are fixed to the end face 13a of the cantilever 13 while bases are laminated 
thereon. Thus, a stertc hindrance is undesirably occurs upon hybridization 
reaction of tire target nucleotide chains T dripped afterward and the detecting 

nucleotide chain D. 

Thus, in this embodiment, a potential difference is generated between the 
cathode 11 and the anode 12 disposed in the eel. detecting part 2 to form an 
dearie field in a liquid layer (salt solution) stored and held in the reaction area 10. 
Then, the detecting nucleotide chain D is stretched in the form of a straight chain 
a,ong the or.enut.ion of the e.ec^ic field. The above-described htgh frequency 
high voltage is considered .0 be preferably located in .he vicinity of 1 x W V/m 
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and about 1 MHz (refer to Masao Washizu and Osamu Kurosawa: "Electrostatic 
Manipulation of DNA in Microfabricated Structures", IEEE Transaction on 
Industrial Application, Vol. 26, No. 26, p.l 165-1 172 (1990)). 

When the cell detecting parts 2 are arranged in rows on the substrate 1, the 
cathode 11 and the anode 12 may be provided for each of the cell detecting parts 2. 
Further, the cathode 1 1 and the anode 12 may be respectively formed in a common 
electrode. 

As described above, the high frequency high voltage is applied to the cell 
detecting part 2 as described above, the detecting nucleotide chains D and the 
target nucleotide chains T are stretched in the forms of straight chains. Thus, the 
steric hindrance rarely occurs and the hybridization reaction is efficiently 
accelerated. As a result, the reaction time of the hybridization is shortened and a 
probability showing the false positive or the false negative is also decreased. 

The cantilever 13 protruding to the reaction area 10 side of the cell 
detecting part 2 is shown in Fig. 3 in its enlarged form. Fig. 3 schematically 
shows a state that the detecting nucleotide chains D the end part of which is fixed 
to the end face 13a of the cantilever 13 are hybridized with the target nucleotide 
chains T having a basic arrangement complementary to the basic arrangement of 
the detecting nucleotide chains D to form two chains. For the purpose of 
simplicity, Fig. 3 shows the state that one detecting nucleotide chain D is fixed to 
the end face 13a. However, actually, the adequate number of the detecting 
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nucleoride chains D are fixed to the end faee depending on the width of the 
cantilever 13. 

The reaction area 10 may be filled with a phase-change materia, (not 
shown in the drawings) such as agarose gel in which a reversib,e phase-change of 
ge, and so! may occur between room temperature and suitable temperature to a 
action, in this case, a procedure can be advantageously carried on. in which the 
phase-change materia! is changed to so. under h.gh temperature, under this state, 
voltage is applied to the phase-change material to arrange the nuc.eotide chant 
such as a DNA of one chain, men, the temperature is lowered to change the 
phase-change material to the ge., and subsequent,* the phase-change material is 
changed ,o the so. at the snitab.e temperature to the reaction upon hybridization. 
Further, when the phase-change materia, is he.d in the state of the ge. upon 
hybridization, whi.e the nuc.eotide chains such as the DNA are stretched, the 
hybridization can be preferably carried out. 

Under the state that the phase-change material is changed to the gel, when 
the sample solution S including the target nucleotide chains T is dripped on the 
ceH detecting part 2, the progress of the hybridization may be probab.y prevented. 
Accordingly, a vertica! groove may be previous.y formed a. a dripping point like a 
ease of an ordinary electrophoresis and .he samp.e sohrtion S' may be dripped in 
this groove. 

The above-described canti.ever 13 has a vibrator composed of a 
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piezoelectric matena, disposed between the counter erodes. AC vo.tage ts 
applied to the vibrator to vibrate the vibrator in aceordanee with a frequency. A. 
this time, the cantilever 13 may be entirely formed as a piezoelectric vibrato, 
Further, a piezoelectric element may be formed on the cantilever 13. 

The cantilever 13 can be manufactured by utilizing a technique disclosed 
in for tnstance, Japanese Paten, Application Laid-Open No. 2001-347499. A 
principle of this manufacturing method is briefly described by using Figs. 4A to 
4D. 

Firstly, as shown in Fig. 4A, a po.ysilicon layer 21 serving as a sacrifice 
tayer for finally forming a cavity part a, a part of a bottom part of a silicon base 20 
as the cel. detecting par, 2. The bottom par, enrirely has a uniform heigh,. Then, 
a phoresis, is applied to the surface of me bottom par, to form a resist pattern for 
m ashing a par, excep, a par, in which the cantilever 13 is formed by a 
photolithography method or the like. After that, an insulating layer 22 made of 
SiO, (silicon dioxide) is formed as shown in Fig. 4B by a CVD (Chemical Vapor 
Deposition) method using, for instance, SiH,N 2 0 system. The insulating layer 
22 may he made of SiN, (silicon nitride) by the CVD method using, for instance, 

not only Si0 2 but also SiH 4 -NH 3 . 

Then, as shown in Fig. 4C, a lower electrode layer 23 made of P, 
(ptatinum) or In (indium), a piezoelectric material layer 24 made of PZT (PbfTi, 
Zr) 0 3 : lead zirconate tUanate) or SET (SrBi 2 Ta 2 0 9 : strontium bismuth tantalate), 
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and an upper electrode layer 25 made of P. or In are sequentially laminated and 
patterned. 

Finally, as shown in Fig. 4D, XeF 2 (xenon difluoride) or BrF, (bromine 
trifluoride) is sublimed in a vacuum chamber and introduced to completely remove 
the polysilicon layer 21 by a selective etching operation. 

In this embodiment, the change of the natural frequency of the cantilever 
,3 manufactured as described above is detected to detect whether or no, there is 

the hybridization reaction. 

Specifically, as shown in Fig. 5, an ac circuit ht which the lower electrode 
,ayer 23 is connected ,„ the upper electrode layer 25 is formed. While frequency 
is changed by an ac power 30 as a driving source of the cantilever 13, the 
cantilever 13 is vibrated and excited. Then, electric current associated with 
resonance amplitude is converted to voltage by a resistance 31 and the voltage is 
measured by a voltmeter 32 as vibration detecting means. The waveform of the 
voltage measured by the voltmeter 32 is shown by, for instance, a full line in Fig. 6. 
Since the resonance amplitude of the cantilever 13 becomes maximum when the 
frequency of the ac power 30 corresponds to the natural frequency of the cantilever 
13, the frequency f, of the ac power 30 a, the time of a peak of the voltage shows 
the natural frequency of the cantilever 13. 

Here, the detecting nucleotide chains D fixed to the end face 13a of the 
cantilever 13 are hybridized with the targe, nucleotide chains T having the basic 
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arrangement eomplementary to the basie arrangement of the deteeting nucleotide 
chains D to form two ehains. In this ease, the natural freqneney of the eantilever 
,3 is lowered dne to me increase of the mass of the cantilever 13 resulting from the 
target nucleotide chains T. Thus, the waveform of the voltage shifts downward to 
a position shown by a broken line in Fig. 6. The frequency of the ac power 30 at 

the time of a peak becomes f 2 . 

Accordingly, the change of the frequency (natural frequency) at the time 
of the peak of the voltage is detected so that whether or not there is the 

hybridization can be detected. 

Further, since the variation (f,-f 2 ) of the natural frequency is exactly 
correlated to the variation of the mass of tire cantilever 13. Accordingly, the 
natural frequency of the detecting nucleotide chains D before they are fixed to the 
cantilever, the natural frequency of the detecting nueleotide chatns D after they are 
fixed to the cantilever, and the natural frequency after tire hybridization reaction is 
completed are measured so that the number of the detecting nucleotide chains D 
which are fixed to the cantilever 13 or the number of the targe, nucleotide chains T 
that are hybridized with tire detecting nueleotide chains D can be quantitatively 
detected. 

As the change of the mass increases, the detection sensitivity of the 
change of tire natural frequency is more improved. Accordingly, tire end of the 
target nucleotide chains T is preferably modified by an anchor molecule to increase 
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its mass. 

As described above, when the reaction area 10 is filled with the 
phase-change material such as agarose gel, the frequency cannot be probably 
precisely detected. Accordingly, after the hybridization reaction is completed, the 
phase-change materia, may be changed to sol before the frequency is measured and 
,he phase-change material may be removed by an action of centrifugal force 

generated by rotating the substrate 1. 

In the above-described embodiment, the entire part of the cantilever 13 is 
formed with the piezoelectric vibrator. However, the cantilever is not limited 
thereto. As shown in Fig. 7, a piezoelectric element 40a serving as a driving 
electrode and a piezoelectric element 40b serving as a detecting electrode may be 
provided on the upper part of a cantilever 13. Fig. 8 shows a vertical sectional 
view of the cantilever 13 at a position including the piezoelectric elements 40a and 
40b in this case. 

As shown in Fig. 8, in the cantilever 13, an insulating layer 42 composed 
of Si0 2 or SiN„ is formed on a silicon base 41. Further, the piezoelectric 
elements 40a and 40b respectively include lower electrode layers 43a and 43b 
made of Pt or In, piezoelectric material layers 44a and 44b made of PZT or SBT, 
and upper electrode layers 45a and 45b made of Pt or In which are sequentially 
laminated. 

When the presence or absence of a hybridization reaction is detected, 
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while a frequency is changed by an ac power 50 serving as a driving source, the 
cantilever 13 is vibrated and excited. Then, a potential difference based on 
resonance amplitude is measured by a voltmeter 51 as a vibration detecting means. 
When the mass of the cantilever 13 is increased by the hybridization reaction as 
described above, the nataral frequency of the cantilever 13 is lowered to decrease 
the frequency of the ac power 50 at the time of a peak of voltage. 

When the change of the natural frequency resulting from the hybridization 
reaction is recognized in such a way, a fact can be recognized mat targe, nucleotide 
chains complementary to detecting nucleotide chains D including marker genes 
related to a specific illness are present in sample solution 8> extracted from, for 
instance, a prescribed cell. As a result, the fact that the above-described illness 

occurs in the cell is anticipated. 

Now, another example of the substrate used for the bioassay device in this 

embodiment will be described by referring to Figs. 9A and 9B. Fig. 9A shows a 

plan view of the substrate in this example viewed from above. Fig. 9B shows an 

enlarged plan view of an X part in Fig. 9A. 

The substrate 60 shown in Fig. 9A includes line groove detecting parts 61 . 
In the line groove detecting part 61, a reaction area 70 has line grooves extended in 
radial directions on the substrate 60. From one side of a longrtudinal direction 
forming the line groove, cantilevers 73 respectively having the same structure as 
that of the cantilever 13 in the cell detecting part 2 protrude at prescribed intervals 
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as shown in Fig. 9B. In parts in which .he cantilevers 73 are provided, cathodes 
and anodes 71 and 72 are respectively opposed so as to sandwich the reaction area 
70 in between them. The line groove detecting part 61 may be considered to have 
a structure that the cell detecting parts 2 are arranged in the line groove detecting 
part 61. 

Each cathode 71 may be formed as a common electrode. Each anode 72 
may be also formed as a common electrode. That is, the common cathode and the 
eommon anode can be opposed to each other so as to sandwich the reaction area 70 
i„ between them and arranged in radial directions on the substrate 60. According 
,o mis structure, a needle type probe can be applied to the common cathode and the 
common anode from above to supply electric current. 

The above-described reaction area 70 may be formed in pits (not shown in 
the drawings) arranged in each line groove. Very small droplets arc dripped in 
,he reaction areas of the pits so that the substantially same spot sizes can be 
realized. 

Further, in the line groove detecting part 61, a liquid supply means 
utilizing a capillary action or a liquid supplying means using a centrifugal force 
generated by rotating the disc shaped substrate 60 by a prescribed method can be 
used. 

Specifically, a liquid storage part 62 is provided in the central part of the 
substrate 60. The sample solution S (SO or cleaning solution for removing 
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surplus target nucleotide chains T whrch are not actively bonded after the reaction 
is injected to the liquid storage part 62. The substrate 60 is rotated to smoothly 
and assuredly supply the liquid to the line grooves (that is, the reaction areas 70) 

from the central area of the substrate. 

In the line groove detecting parts 61, different detecting nucleotide chains 
D can be fixed to units of the line groove detecting parts or units of the grouped 

line groove detecting parts. 

Now, the positional information and the rotating synchronizing 
information of the substrates 1 and 60 will be briefly described below. In the 
rotating directions of the substrates 1 and 60, many address pits previously formed 
by a disc mastering process are formed. When the substrates 1 and 60 are 
considered as optical discs, the reaction areas 10 and 70 as drip detecting positions 
m ay be considered to be user data areas. In other areas, synchronizing pits are 
arranged by a sample servo system and also used as a tracking servo. 
Immediately after them, address parts (geographical addresses on the disc) are 
inserted to give the positional information. 

The address parts are composed of a combination of a sector mark starting 
as a first pattern, a VFO for applying the rotation phase of an actually rotating disc, 
an address mark for applying the start position of address data, and IDs (Identifier) 
including the numbers of tracks and sectors, etc. 

When a bioassay is carried out by using the substrates 1 and 60 having the 
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above-described structures, a device is used that includes at least below-described 
means and mechanisms. That is, the device (not shown in the drawings) at least 
includes a substrate rotating means for holding the substrates 1 and 60 so as to 
freely rotate, a dripping means for dripping the sample solution S (S') to the 
reaction areas 10 and 70 in prescribed order and timing while the substrates 1 and 
60 are rotated by the substrate rotating means, a focus servo mechanism for 
holding a distance between the dripping means (a nozzle thereof) and the 
substrates to a prescribed distance, and a tracking servo mechanism for allowing 
the drip of the sample solution S (SO to follow the reaction areas 10 and 70 of the 
substrates 1 and 60 on the basis of positional information and rotation 
synchronizing information provided from the substrates 1 and 60. 

When the above-described substrates 1 and 60 and the bioassay device 
using them are employed, the above-described interaction detecting method 
according to the present invention can be preferably put into practice. 

That is, when the detecting nucleotide chains D fixed to the end faces of 
the cantilevers 13 and 73 are hybridized with the target nucleotide chains T, the 
masses of the cantilevers 13 and 73 are increased. Accordingly, the natural 
frequency of the cantilevers 13 and 73 is lowered. Thus, the change of the natural 
frequency is measured so that the hybridization can be detected. 

Further, electric fields are formed on the reaction areas 10 and 70 by the 
cathodes 11 and 71 and the anodes 12 and 72. Thus, while the detecting 
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nuc) eo ti de cha,„s D and the targe, nudeodde chains T in the reaction areas .0 and 
70 are sketched, they can be re.ative moved and hybridized. Accordingly, an 

efficiency of hybridization is improved. 

The present invention is not limited to the above-described embodiment 
explained by referring to the drawings. 1, is ro be understood to a person with 
binary skill in the art that various changes, substitutions or equivalence thereto 
ma y be made without departing me attached claims and the gist .hereof. 

For instance, in the above-described embodiment, the substrate for 
bi „assay is formed in the shape of the disc. However, the substrate is no, limited 
to this form, and a rectangular shape and other flat p!a.e shapes may be surtably 

selected and determined. 

Further, in me above-described embodiment, a case mat the presence or 
absence of the hybridization reaction of the detecting nucleotide chains D and the 
^e, nucleotide chains T is detected is explained as a representative examp.e. 
However, me present invention is no. limited .o me examp.e .ha. .he presence or 
absence of the hybridization reaction is detected as described above. 

Specifically, in the above-described reaction areas 10 and 70, «wo cham 
nucleotides can be formed from the detecting nucleotide chains D and an 
interaction between the two chain nucleotides and peptides (or protein), an enzyme 
.espouse reaction and other intermodular interactions can be carried out m 
addmon to the hybridization reaction. Specifically, when me two cham 
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nucl eot,des are used, a combination of a receptor mo,ecu,e such as a hormone 
r ecep,or as a transition factor and a DNA mo.ecu.e having a response Cement 
can be analyzed. 

As described above, the "bioassay" widely means a biochemica! analysis 
based on the hybridization or other interactions between materials. 

Industrial Applicability 

The present invention is particularly preferable for the bioassay method 
based on the DNA chips and can be employed for the analysis of ,he mutation of 
genes SNPs (sing.e nucleotide poiymorphism) analysis, the analysis of gene 
expression frequency or the like. The present invention can be utihzed in a wrde 
range including a drug drscovery, a Cinica, diagnosis, pharmacogenom.es, a 
forensic medicine and other fields. 



